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ABSTRACT Food allergy is a relatively rare and sometimes violent reaction of the immune system to food 
proteins. The first report characterizing soy allergy appeared In 1 934. The Food and Agriculture Organization of the 
United Nations includes soy in its iist of the 8 most significant food allergens. At least 16 potential soy protein 
allergens have been identified but their relative clinical significance is unl<nown. Conversely, soy has a long history 
of successful use in managing cow's milk allergies in infants. To better predict the utility of soy proteins for 
controlling food allergy, it is important to understand the relative allergenic reactivity of soy compared with other 
major food proteins. This can be studied using clinical data, animal models, and biochemical approaches; all show 
diminished reactivity for soy. Clinical studies using in vitro methods and blinded food challenges have generated 
substantial information. Study populations include high-risk asymptomatic infants and patients with atopic symp- 
toms, positive food challenges, and specific milk allergies. Generally, these studies show lower allergic reactivity 
for soy proteins vs. other food allergens. Comparisons of food allergen dose-response relationships for triggering 
allergic symptoms also demonstrate a higher protein concentration threshold for soy (~1 00 times), indicating lower 
allergenic reactivity. Extensive investigations of soy immunological reactivity have also been carried out using 
animal models. Consistent with clinical results, all of these data show substantially diminished immunological 
reactivity for soy proteins. Biochemical and immunochemical analyses indicate no striking differences between soy 
and other food proteins that would explain these unexpected differences in allergenic reactivity. J. Nutr. 134: 
1213S-1219S, 2004. 
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Food allergy (FA)'* is a reiativeiy rare and sometimes vio- 
lent immune system reaction to food proteins. In its broadest 
definition FA includes syndromes involving several immune 
mechanisms, each causing a variety of symptoms. Although all 
types of FA must be effectively managed, the most dangerous 
is immediate-type hypersensitivity (type 1) mediated by IgE 
antibodies to food proteins. Most type I FA appears in the first 
2 y of life and occurs in 6-8% of infants (1). As their immune 
systems mature (by 5 y), ~80% of allergic infants will lose 
their FAs (2). Symptoms range fk)m mild rashes to life- 
threatening systemic anaphylaxis and are of 4 main types: 
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dennatoiogical (hives, local swelling, demiatitis, and eczema), i 
gastrointestinal (nausea, vomiting, diarrhea, and abdominal « 
pain), respiratory (ninny nose, asthma, and tightening of the ^ 
throat), and systemic (anaphylactic shock, organ failure, car- §. 
diac arrhythmia, and death). ^ 
Foods vary in clinical allergy significance. Although all food w 
proteins have the potential to be allergenic for some people, 8 g 
foods have been identified as the most frequent human food o 
allergens and account for —90% of FAs. These foods are milk, 
eggs, fish, Crustacea, wheat, peanuts, tree nuts, and soy (3). 
This article describes the allergenic potential of soy proteins 
compared with some of the other major food allergens. 

Immunology (^food cdlergy 

A detailed description of the mechanisms of food allergy is 
beyond the scope of this article, but several excellent reviews 
of clinical aspects are available (4-6). Briefly, type I food 
allergies involve a 3 -step process. The first step is sensitization, 
which begins with transit of relatively intact food antigens 
across the intestinal barrier. The gut may be unable to effec- 
tively exclude intact antigens because of immaturity, injury, or 
infection. Some intact food antigen uptake is tiormal, even in 
adults. Factors aifecting whether the antigens stimulate the 
usual antibody responses (IgG and IgA) and iimnune tolerance 
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or an allergic response are not clearly understsxjd. In individ- 
uals predisposed to allergy, food jmtigens generate activated 
antigen-specific B cells and a special set of helper T cells that 
direct B cells to differentiate into IgE-producing plasma cells. 
Once secreted, IgE is quickly bound by high-affinity IgE re- 
ceptors mainly on the surface of mast cells. These cells contain 
large amounts of histamine and other allergic reaction medi- 
ators and are the main inducers of symptoms of allergy. The 
end result of sensitization is the presence in circulation and 
tissues of large numbers of mast cells armed by allergen-specific 
IgE antibodies on the cell surface. 

In tlie second step, triggering, which occurs some time after 
sensitization, allergen or multivalent allergen fragments are 
again absorbed after ingestion. IgE antibodies on mast cells 
bind the allergen so that the allergen cross-links at least 2 
receptor-bound IgE molecules. This creates a sigrial causing 
the mast cell to release histamine and other infiatnmaton,' 
mediators (degranulation). Timing and magnitude of the re- 
lease is defined by allergen dose and a number of poorly 
understood host factors. 

The final step, the initiation of clinical symptoms, occurs 
when histamine and other inflammatory mediators stimulate 
the wide variety of allergic symptoms in other cells and organs. 
With this basic understanding of the allergy process we can 
now consider soy allergy. 

Soy allergy characterization 

Soy protein is aUergenic, The firet allergic reactiosw so soy 
in humans were described in 1934 (7). Anti-soy IgE antibodies 
have been identified but allergen specificity pattenns are vari- 
able and complex. .As many as 28 soy proteins bind to IgE from 
t:s (8). Soy is also an aeroallergers, although 
id allergen reactivity profiles are different: for 
inhalation, where soy hull stntigens not 
tein isolates seem to dominate (9). A small 
number of fatal allergic reactions to soy have been reported 
( 10, 1 1 ), but in all cases victims ako had severe peanut allergies 
and asthma. 

What is the relative allergenic reactivity of soy proteins 
compared with other major food proteins? The answer depends 
on what clinical and laboratory outcomes are used and which 
patient populations are studied. 

Clinical and laboratory indicaUyrs af alJergy. Clinical 
indicators of food allerg>» include cumulative clinical history of 
atopic symptoms; history of allergic symptom-s soon after spe- 
cific food ingestion; jx)sitive skin prick test (SPT) with food 
protein extracts; unblinded food challenges; and double- 
blijided, placebo-controlled, fovxl challenges {DBPCFCs; the 
giild Kiandaid iox food allergy diagnosis). Laboratorv' indicators 
of rood allergy jre raJi-o ailergosorbent te.st (RAST), which 
tne.jsures allergeti-specific IgE isritibodies using radsoisoEopt;s; 
ELiSA, which also measure^ allergen-specific IgE using anti- 
brsdy-conjugdced enzyuies and chromatic substrates; and im- 
munoblottin^; of polymery kmide gel electrophoresis-separated 
proteins to reveal IgE-allergc-n binJint;. 

Patient populations. .Allergy assessment outcomes cast be 
itifluenced by tliLe criteria used to define patient eniolhrient. A 
variety of cliiiLical populations have bee-Ti sjsed to study fciod 
allerj!y. Witliin specific populations, erirollrue-nt sfjuidartls k-v 
inclustor- and exclusion also vaiy. When ccsn-parirh;; ;iU:sbr 
rtisdies, it ts imp'Oitam to clearly undeistarid the characttfrsotics. 
used to o^iialify an:i enn)U study subjects. Five clinical pop- 
ulatiotis have been used for most food allergy research: 1) 
"liigli-risk" as^'niptomatic infanS3 {defined variably based on 
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the atcjpic hi story status of parents and/or siblings; 2) patients 
with atopic symptoms (defined variably to include 1 to sev- 
eral allergy-associated symptoms); 3) patients with positive 
DBPCFCs (a relatively rigorous criterion); 4) patients with 
cow's milk allergy (a subset of group 3 that have been rigor- 
ously identified using DBPCFQ); and 5) whole-population 
birth cohorts. 

Oinkal resiMs 

ItU^^-^isli infants fed cow's milk pmtein-hased formula 
fCMFj versus say protein'hased formula (SFj. Concern 
exists about the sensitivity of cumulative atopic symptom 
sajres as indicators of food allergy status, especially for older 
infants. These subjects may no longer be tJiking formula and 
have been exposed to a wide variety of nonfood environment al 
allergens that tnay contribute to their atopic sympt:oms. Some 
studies show no difference in the cumulative history of atopic 
symptoms {12-15). Other studies report significantly less 
asthma, less rhinitis, or generally reduced atopy for SF-fed 
infants (16-18). In the Halpem study (18) where milk allergy 
in CMF-fed infants was compared with soy allergy' in SF-fed ^ 
infants, food allergy was reduced 3.6 fold with soy. A meta- | 
analysis of allergen reactivity patterns in 17 studies of high-risk 3. 
infants shows soy allergy occurring in 3-4% of subjects versus §_ 
25% for cow's milk (19). g. 

Patients udth atopic symptmis^ These studies surveyed 
die clinical reactivity specificities of infatnts and children with 3 
atopic symptosns; the diagnostic tests used were RAST, SPT, | 
or DBPCFC. Four studies demonstrate ttie overall incidence of |. 
reactivity to soy. Giampietro et al. (20) studied 317 atopic §"■ 
children and found 22% positive to sov by R.A.ST but only 3% § 
were positive by DBPCFC. Magtiolfi' et al. (21) tested 704 <a 
atopic children and found 21% soy positive by SFF and only •< 
1-3% soy positive by DBPCFC. Brano et aL (22) tested 505 § 
atopic children and found 6% soy positive by SPT and 1.2% « 
soy positive by DBPCFC. Burks et al, (23) found 13% soy ^ 
positive by SPT and 1.8% soy positive by DBPCFC in a study | 
of 165 atopic patients. Overall, these data show a rela- ^ 
tively low rate of soy allergy in atopic infents (28 of 1691 w 
patients, 1.7%) and a relatively high rate of fake-positive g 
results when SPT and RAST are used to diagnose symptomatic o 
soy food allergy. 

Soy reactivity in DBPCFC-|?osiiwe subjects. Two reports 
sum:riari;;ed tesitlts of DBPCFC patient evaluations perfortned 
at major tt-;rttary c:are allergy centere. Boc;k arid Adkix-s (24) 
describe 185 positive food challenges ccjx-ducte.d over 16 y, 
where 31% were positive for cow's rsnlk proteins and 8% (15 
patients) were positive for soy. Sicherer er al, {25) reported on 
196 positive DBPCFCs cotr^pleted over 13 y, with .^3% posi- 
tive for cow's milk proU;iiis and 10% (20 p^tsents) positive fcjr 
soy proteitis. With tewer than 35 soy-positive patient? idetsti- 
iied by DBPCFC ovcx 13 y by 2 of the prominent academic 
food allergy rcjcarth groupK tn tlie United States, it i": apparent 
■ ha! extensive srudies of sov-allergic subjects in /\merica 
would he a daunting task. Patients with soy allergy confirmed 
by DBPCFC seetxi vety rare. 

S>yy allergy in patients ijuith cmv's milk (dlergy. Most 
often, SF is -ised clinicallv to manage tntolera-Tice to C.MF. A 
x'ariety of mechanisms ate involved in CMF ttntoieratuce, 
vvliich currejitly af[tx:-s a? niatiy as 36% of itifax-ts at so-rie 
P'i)ini If), y 1 ot life. Itifax-ts witli type I inirK ptcjteiti alletfr^- are 
estimated to be 6 --8% of the tcjta! pcjpijlatio-n, so n-ost 
('-80%() C^IF intolerance is not caused by allergy arid is 
effectively managed using SF. Infante with type I allerg\' to 
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CMF are a rigorous !;esf: population for evaluating the aller- 
genic, reactivity of SF, 

Several studies have measured the proportion of infants 
with documented CMF allergy that will develop soy allergy 

when SF is substituted for CMF. Bock and Adtins (24) re- 
ported 4 of 54 (7%) CMF- allergic infants developed soy allergy 
when switched to SF. Cantini et al. (26) found 1 of 20 (5%) 
who developed soy allergy in a similar study. Zeiger et al. (27) 
observ'ed 13 of 93 (14%) infants allergic to CMF who devel- 
oped soy allergy, li\ the study by Kleinola et al. (28), 8 of 80 
(10%) developed SF allergy. Together these studies reported 
that 221 of 247 (89.5%)' infants allergic to CMF could be 
effectively managed with SF. This overall performance ap- 
proaches die clinical standard for hypoalletgenic formula [95% 
confidence diat 90% of alleigic infants will not react (29)]. 

Freiqweticy tif allergy in a whole hirth cohort, .A.rshad et 
al. (30) conducted an interestitig study on the Isle of Wight , 
where a whole birth cohort of 981 infants (64% of total births 
agreed to participate during the 14-mo enrollment period) was 
followed to age 4 y. The study recorded histories of allergic 
disorders and assessed the correlation between these data and 
results of SPT to a variety' of common allergeiK. Data were not 
adjusted for relative allergen exposure rates and, as mentioned 
earlier, SPT is known to overestimate die true incidence of 
food allergy'. SPT results for the various allergens were as 
follows; house dust mice, 11.9%; grass, 7.9%; Altemaria, 4.8%; 
milk, 1.4%; and peanut, 1.2%. The lowest sensitization rate 
was for soy at 0,25%. 

Food allergen reaction thresholds. Another method for 
ranking die p<)tency of food allergens determines the mini- 
tmim oral allergen dose required to initiate ailetgic symptoms. 
This dose will vary across a population of allergic patients, so 
the best cotnparator beconses the dose-response distribution 
within the allergic population, niese data are ditficu It to 
4)btain becaisse patients widi severe allergies imix be chal- 
lenged with increasing allergen doses until a positive reaction 
occurs. These types of experiments have been reported for only 
5 food allergens (Fig. 1). The most important evidence con- 
cerns threshold doses for the most sensitive patients. No 
standards have been set for acceptable minimum allergen 
doses. However, for comparative purposes, we can apply the 
"safe for 90% of allergic patients" rule (the hypoaliergenic 
infant formula standard) to the data in Figure 1 to estimate the 
following "safe" protein doses: peanut, 0.1 mg; hazelnut, 1 mg; 
egg and milk, ~3 mg; and soy, ~400 mg. Although the 
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Aiiergen Dnse Prtaemi 

FiGURE 1 Foocj .3;!ier.-3ef. i-nac^ior' tiressnoid-s Sngestssd aiiergen 
aosfs {mg protein) vs. % aiiergic respofi.ses in chaltenged patients. 
Allergens: A peanut (31), # h3::8lnLit (32), Xsgg (33), • milk (27), S soy 



Reaction thrBshold ievels of aHergenic foods'^ 




One per mmyn 
population 


One per hundred 
popiilatioj"! 


Food 


Lower 

limit Predicted 


!;mii Predicted 




protsin 


protsin 


Cow mi 

Egg 

Peanut 
Soy 


k 0.072 0.578 
0.003 0.10 
0.50 5.0 
304 2440 


0.279 0.886 
0.023 0.152 
0.18 0,663 
12.92 40.71 



1 Modified from Bindslev-xtensen st al. (34). 



number of patients in these studies is relatively low, the 
> 100-fold difference between the safe protein dose for soy atid 
odve.r allergens is striking. If confinned, this difference should 
be considered when setting s!:andards and seiectitig anfdytical 
methods appropriate for measuring soy allergens in food prod- 
ucts and food production environments. A partial conlimia- 
tion of this approach is found in a recent statistical analysis of 
published data by Blinds iev-jensen et al, (34). This report 
presented estimates of allergen doses causing reactions at rates 
of 1 per 1,000,000 and 1 per 100 of population. These data, 
sunraiarized in Table 1, seem to be consistent with the 90% 
reactivity threshold numbers predicted for soy protein (1 in 10 
at 400 mg protein vs. 1 in 100 at 40 mg protein). < 

Allergenic reacti&si severity. In addition to specific aller- 
gen frequency, Sicherer et: al. (25) reported the sevetisy of 
allergic reactions that occurred during the positive DBPCFC 
challenges (Fig. 2). In 13 y of exi)erience widi DBrcFCs, 
these investigators did not observe any severe allergic reac- 
tions to soy challenge. 

In sunirtjarv', SFs have been widely studied for the tnanage- 
ment of food allergy, mainly in infants and yoimg children. In 
a variety of clinical study designs, soy protein has consistently 
been shown to be significantly less reactive than cow's milk 
protein (an observation without explanation at this point). 



k Severe 




mm Wheat Peat^tit Soy 
(117) HO) (24) i'iZ) 



PiCallRE 2 Aiiergic reaction seventy. PercsntEsgs of cfi.3;!ier'C3e- 
positive patientj} vs. severity of elicited allergic reaction (number of food 
challenges). Adapted from Sicherer et al. (25). 
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AWoib^rs extjenseli, rsre, severe soy allergies, irtcluding fatal 
reav to \s, have o'e\ repotted. 



Ttit hi for J mmssKcJ imK^iinological reactivisy kn- soy 
p oU Ai m ha. iA<\s s unexplained. Is this a genetal fsrofsetty of 
!n'y or ' li'v sen c cK a vn-y ■jpecies specific? Data from 2 animal 
Hit ik s oi \ ix jllergy K^jve been used to address these ques- 

O^al •temiUzalum modeL The model using oral sensitiza- 
E.oti of gUiiifcA pigs, be«.t described by Devey et al. (35), 
involves feeding an expe rtraental protein for 33 d and then 
adTnini<!tpriTin a rapid systt^ndc antigen challenge on day 35. If 
c-Ti .Ti7=5tion occurred, IgE and IgGl antibodies will be 
\ \\ u ( ^ ^\ h antibody classes will trigger anaphylactic re- 
i V ii.ifed by the presence of a cross-linking antigen. 

Artu'cu I'! in ccted and Ae animals are observed for anaphy- 
'aluc 'symptoms, 'coi ino for severity on a 0-5 scale (0 = no 
i symptoms, 5 = dearh). The advantage of this model is that 
t-sisi i^rtson 'jsriulates antigen digestion and intestinal uptake. 
^h-i ii}^ ?niag(.s are sJiat the model is not very sensitive, it does 
£iot UK kuU iti oral challenge, and the anaphylactic response is 
li^t ilK iornt ■>< ted by an IgGl response rather than an IgE 
! tespotise. 

Resulu of feed rsg i ni challetige trials with CMF and SF are 
sho^oi m Table 2 Two intact cow's milk'based fbnnulas 
(Siindac and Enfatnil) bt.mulated strong immune responses 
that caused fjtal jnapci\b< tic reactions in all animals fed these 
proiucts A ionrtu a hn'-ed on partially hydrolyzed cow's milk 
wht-v protcm iGood Starr) stimulated weaker but still signif- 
icant reaction'! An luus ted a hypoallergenic formula based on 
extcn'i vc.v b^crolv„ed i (^vi,'s milk casein (Alimentum) did not 
become 'scn'Jitut.d as mdicrted by the absence of allergic symp- 
tomsj Interestingly, animals challenged after being fed a for- 
mula based on intact soy proteins demonstrated the lowest 
measurable symptoms of allergy, indicating very low relative 
reactivuv. The significance of this result was confirmed with 
•m tmportar>t poMiive control: Guinea pigs were immunized by 
injection wx-h. suy formula mixed with an alum adjuvant on 
day 0 atid chal'etiged as before on day 35. These animals 
respotuled with severe a'lergic symptoms (4 deaths and 1 near 
ieath pe' 5 challenges), indicating that the lack of response to 
oral so\ sensituation wab not due to the inability of guinea pigs 
to prodace antioodie to soy. 



TABLE 2 

Guinea pig oral sensitzation: cow milk vs. soy formulas^ 



Anaphylaxis Statistical 
scored group3 



Good Start 'jjdfi a > ^yo olv/:eo cow milk 
!j5orr!i!/soy 

Ajif 10' L.'f 'fcx o' s v^ly I- yd'O v2:Bd cow miik 
i=onii/30^ hype irT'T^ni7CCi''- 



' Aaapted from Cordis, C. T., Duska-McEwsn, G. &. Janas, L, Ross 
Products, unpublished, 1985. 

^ Anaphylaxis score scale from no reaction = Q to death = 5. 
3 Products with the same letter are not different (f-test, P - 0.05}. 
^ Hyperimmunizsd using alum instead of oral sensitization. 
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! Rice 

Pea 

Oat 
\ Soy 
'f hypo Hy 



FiSURE 3 Smmunogerticity of food protein systems using hyper- 
immunized rabbit model. Day 35 adjusted log titers ( ) - Log (day 3S 
IgG antibody titer/d 0 IgG antibody titer). Titer - reciprocal of antiseruirt 
dilution yielding an ELiSA absorbance value of 0.3 after 10 min of 
substrate incubation. IHypo HY - data for a hypoallergenic casein g 
hydroiysate. Data from Cordle et ai. ps). | 



Hyperimmuruzation nmdel. Rabbit hypers ninmsnizarion is 
a sensitive model for assessing immunological reactivity (36). 
This model uses relatively high doses of immunogen formu- 
lated with complete Freund's adjuvant and an aggressive ira- 
inunization protocol widi measurement of antibody responses 
using i3,iiatititative EUSA methods. The model has been used 
siicc;essf«Uy !:o predict ciinicid perfbrmatice of hypoallergenic 
fomiulas based on protein hydrolysates (37,38). Figure 3 
shows a comparison of the immunogenicity of various protein 
systems plus a clinically h>'poallergenic casein hydroiysate as a 
low-end calibrator. Of the 6 intact protein systems tested at 
equal immunizing doses, soy was the least immunologically 
reactive (i85-fold less reactive than cow's milk casein). This 
diiference in ingredient reactivity is mirrored in infant formu- 
las based on these proteins. Figure 4 shows the relative im- 
munogenicity of 3 CMFs compared with 4 SFs. Tlie low-end 
calibrators in this figure are 2 hypoallergenic formulas based on 
extensively hydrolyzed C£s.seiiii (.AliEnentiim and Nutramigen) 
and an essenliaily nonimmutiogenic amino acid formula (Ele- 
Care). As a group, the SFs are 100 times less iimnunogenic 
than the CMFs. 'I"hese data are surisrising because all products 
contain inlract proteins with similar moiecuiar weight profiles. 

Taken together, the animal data support the clinical find- 
ings of relatively low immunological reactivity for soy. 



Biochemistry and ImmiiiinQcketrdstry of soy allergens 

Food allergens are always complex mixtures of many po- 
tentially immunoreactive proteins. Within a food allergen 
system, individual allergens will also be affected differently by 
various processing methods. Therefore, tiie identity and tlie 
processing history' of food proteins will determine their aller- 
genic potentials and both must be considered in assessing 
allergen specificity and potency. Individual protein allergens 
are also complex, with several to tnany antibody recognition 
sites (epitopes) per protein. Epitopes can be eisher sequential 
(a particular linear amino acid sequence) or confonnationai (a 
group of nonlinear amino acids that are in proximity because 
of protein folding or assembly) and, for glycoproteins, may 
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food :>'otf" 1 svs vri , ^.5 . ig 'hs- hvpo . ^< . k x 
.Jdjti'StHj og "te 5 ( J - s-isg '.t^sy 31^ 'U*.. a ".cooj. "o- ;e,y I' 
ant body titsr). Titer - rsc p'ocal of antiserum ci iut.on yis.Oing an CLISA 
absorbance value of 0.3 after 10 mm of substrata incubation. QdSt 
= oartially hydrolyzsd whey-based Good Start (Nestle), Enm! = intact 
GM-based Ersfam i (Mead Johnson), Smic =• intact CM-based Similac 
(Ross/Abbott), Nrsoy - intact soy-based Nursoy (Wyeth-Aysrst), GbSy 
= intact soy-bassd Gerber Soy (Mead Johnson), Prsy = intact soy- 
Kiased Prosobee (Mead Johnson), Isom ^ intact soy-based isomii 
;poss/Abbott), Ntrm - hypoailergenic extensively hydrolyzsd casein- 
Ejased Nutramigen (Mead Johnson), Allm - hypoallergsnic extensively 
''ydroiyzed casein-based Alimentum (Ross/Abbott), ElCr = nonailer- 
genic amino acid-based EleCars (Ross/Abbott). Data from Cordie et ai. 
(unpublished, 1995) and Duska-McEvjen et al. (45). 

{;otitain or be influenced by sugar moieties. This extensive 
«.amplexity makes study results, immunochemical reagents, 
and control samples difficult to standardize and compare. 

Understanding the working definitions of immunological 
terms used to describe FA and how these definitions relate to 
the analytical tools used to study FA helps promote experi- 
ustntal consistency and applicability. The first sentence of this 
ar icle defined food allergy in terms of a clinical reaction to 
food. However, it is unsafe, unethical, and impractical to 
perform extensive basic and controlled research by challenging 
food-allei-g!c patients. Model and surrogate experinietital sys- 
Eems have been developed to address this problem, k is im- 
portant !:o understsjxid die stxength.s and weaktiesses of these 
approaches. This is facilitated by a clear definition of terms. 
Unfortunately, definitions vary throughout the literature. For 
this article, the following represent simple, immunochemically 
logical descriptions-. (!r:iigenicity is the ability of molecules 
{antigens} to interact with immunologically specific antibod- 
ies; immunogenicity is the ability of molecules (imaiunogens) to 
initiate antibody or cellular immune responses; and oHei-genicity 
is the ability? of molecules (allergens) to initiate clinical aller- 
gic responses throufcii IgE-rfiediated mechanisfliis. 

NoK diat for this discussion, allergenicitv is restricted ro 
clinical iindications of insrnediate-type h^/jiefsensitivity involv- 
ing IgE. This is no-: a corsipreliensive defiinititin. hat is n[i^my- 
prisste hete because IgE-riiediated sype T rea<;i:it:--\s are ihe. 
critical life'threiitetiing ciinicai cc'mpox-etits o{ FA. ;nid be- 
cause Jechnologies effective iri cox-trolliiig type 1 aiiergy ;ju- 
likely effe<;!:ive with other forms of FA. Am interesting debate 
cxjncetxjs whether fise presence of IgE atitifxjdy to a parttcuiar 
antigen is an indicator that the antigen is a type 1 allergen. 



K < n ,^r, r-'ipotise \ (.tTOiig evidence that the 
a.t!ti^eti is noi a l-ype 1 allergen bui the jn.pn>.e »{• i^F 
iiniibtxly dws not es.cablish the capasttv of ibe ^Lt)tig-'t! 'o 
trigger allergic symptoms. A number -^f ■.xi\e 1lga'or^ Iwv'c 
reported lack of correlaiioti b«,rween m vitr--' {ELiS.\, RAbT, 
and immunoblotting^ and vivo (SPT) m-^a'sisres or ioE 
reactivity and cross-rcactivitv, and climcal reactior's detected 
using DBPCFC (-10—13) Aller^'cmc potcncv and -specihcitv 
are most often measured using ELiS A, RAST, or immiiitoblot- 
ang. Ilowever, without strong coixelation with DBFCJl-C, 
tlicse data must be considered only a' mdtcdcors of 'ilkrwcnu. 
potcntsil and not proof of alien^ensc posency. Tins ib parlic- 
ularly difficult for soy, whce "^cpar-ition and purification of 
individual soy protem'- is a '•sciiific rst ihallrngt- sx.d where the 
numlx"! of soy illetqic piticv!! to support DBPCFC. research 
so uien!tf\ individu:!! csUere;e'is is \ery smaU. At this point, 
de'-piie 'hesT lno\wi flcnvs, allergen potency siieasurensent'- h\ 
Fl ISA ^t)d KAbT and allergen specific tty analysis by immsj- 
nf>bli)tt!ng are the oni\. ariaiyucal methods wdely used. 

At le^st ] 6 igE binding sov prou ins with molecular masses 
from ?.> 'o 97 kD niay be iTiVolvsd in clinxal allergy !^4) 
Some ot the major bOy allergens are shown m Table 3. Kev 
goals of i-ebearch aimed at controlling soy allergy arc to identify 
soy protein Jlergcns, rank so^ protein ■^Hef.'cujc potency, and 
assess methods to decrease so^, allergcric ti^^-^tVv .< \' 

Immunoblotnng is an important tool for identifying poten- 
tial soy allergens. In this procedure proteins are separated by 
gel electrophoresis, usually under denaturing conditions (SDS- 
PAGE). Tlie separated proteins are electxophoretically trans- 
ferred onto an inert support where they are incubated widi IgE 
obtained from known soy-alletgic patients. After a washing 
step to remove unbound IgE, the blots are developed with an 
anti-igE reagent that: is radiolabeled t)r efwyme cotiJiigHted. ' 
The appropriate detection chennstry is then used to visualize 
tb.ose soy protein bands that bound IgE. A. number of imixiu- 
noblotting studies of soy allergens have been reported. A key 
immunoblot result ixom Awazuhara et al. (8) is shown in 
Figure 5. This study evaluated serums from 30 patients, the 
largest nuaiber of soy-allergic patients tested with common 
extracts and immunochemical reagents. Several important 
conclusions can be drawn from diese data: Specific protein 
reactivity is highly variable between individual patients, mak- 
ing standardization of a common IgE anti-soy antisera pool 
exixemely diffscuit:. Some soy-allergic patients seem to react 
very weakly to only 1 or 2 soy proteins whereas others do not 
react to any. (Could tiiese patients be sensitive to conforma- 
tional epitopes not measured by die immunoblots?) Several 
protein bands are often positive but none is dominant, indi- 
cating that no single soy "super allergen" is detectable by this 
method. 



TABLE 3 
Major soy allergens 



Aiiergen 


DiS!S:gri=iti(3n 


Molecuiar 
rnasss (kD) 


Comments 


Soy hydrophobic proteir 


Gly tn 1.0101 


7.5 




Soy hui! protein 


Glym2 


8 


Aeroaileraen 


Soy profiiin 


Qlym3 


14 




Soy vacuolar protein 


Gly m Bd 30 k 






Glycifiin 




320-360 


6 ssjburiits 


p-Conglycinin 




140-180 


3 subunits 


Kunite trypsin inhibitor 




20 





SUPPLEMENT 



i=iQUR£ 6 Igii-Soy prote"-: !&act!V:*y patterns of 30 soy-aiiergic 
patients revealed by irsiiriui-iODiorimg Soy allergy confirmed by con- 
vincing rsceni iiistory or by D!3PCFC (7 patients). Reprinted with per- 
mission (Blacl<w8tl Publishing, Oxford) from Awazuhara at ai. (8). 



WcVkno'iC'! iti EfnmuuoWot dura must be remembered: in- 
■j!v:H:!i] -.iikiK-N tjnii-nsi; !<'].:! ivi'U. iosi. jiatEcnts and dtfFerent 
p<-t!<.£i{s g!vo cir'tt'R'tst ti.ss.iit'-. Fiotcia scparatiort is accosiv 
pli-ihcd iindc-- dcnatusi-iig CfjnJinon'! that prevent detection of 
ig£ binding; to confonvtational epitopes that rMy play a -^ip- 
tiificar:t or even dornis\ani role. Tlie presence atid/or mscn'.ii.y 
of bands do not correlate with ciiniaji reactivity. Crc&s -re^c- 
avit7 studies show many false-positive reactions. On tlie pos- 
itive side, it is likely that immunoblot and ELISA data over- 
estijTtate the nmnber of clinically significant allergens. 
Elimination of a few high-affinity triggers of clinical allergy 
may substantially lower the overall allergenicity of soy, 

ConchuUms and future directions 

A substantial and consistent body of human clinical and 
animal model data indicates that soy proteins tend to be less 
immunologically reactive than many other food proteins. The 
biochemical and immunological basis ior these differences is 
currently unknown. Improved biochemical mctl-tods and im- 
usunochcmical rea^;ents will be rcqaired to bcticr chdj-acterize 
and undcrjiand si'v tn-otcin'- tJtii'jtsc -ifUiianologic;!! [nvijx-nirj 
h^ vitro meihodf,' that cotrelale hi\>ev ^v■,^.h mFCICi ate 
sucdcd, arid these inelhodf shoiild be qiME\tii<!iive. Tech- 
nu^ue- n-uit al.'-o allow for detection of cotufotUTiationial allergen 
cpivopes. Finally, OBPCFC-posii tve (latient atitis-era satnple 
nwinbers available for sUjdy snsjst be increasieJ c-sjbM an! tally 
and standardised anii.-era pocls niust he js.-ertjt led atud char- 
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